Abstract. The paper is dedicated to investigation on improvement of thermal insulation properties of non-autoclaved concrete by increasing aggregate stability of foamed concrete mixture. The study demonstrates influence of mineral admixtures on the foam stability index in the mortar mixture and on decrease of foamed concrete density and thermal conductivity. The effect of mineral admixtures on thermal conductivity properties of non-autoclaved concrete was assessed through different ways of their addition: to the foam and to the mortar mixture. The admixtures were milled up to the specific surface area of 300 and 600 m 2 /kg using an АГО-9 centrifugal attrition mill with continuous operation mode (Institute of Solid State Chemistry and Mechanochemistry, Siberian Branch of the Russian Academy of Sciences, Novosibirsk). Laboratory turbulent foam concrete mixer was used to prepare foamed concrete. Thermal conductivity coefficient was defined by a quick method using "ИТП-МГ 4 "Zond" thermal conductivity meter in accordance with the regulatory documents. The impact of modifiers on the foam structure stability was defined using the foam stability index for the mortar mixture. The research demonstrated the increase in stability of porous structure of non-autoclaved concrete when adding wollastonite and diopside. Improvement of thermal and physical properties was demonstrated, the decrease of thermal conductivity coefficient reaches 0.069 W/(m×°С).
Introduction
The growth of interest in cellular concrete investigation is connected with the change of requirements to thermal protection of buildings and structures, particularly those located in harsh climate conditions. Thermal conductivity of foamed concrete can be decreased by creating pores of smaller size [1] [2] [3] , however, other research show that the size and shape of pores for low-density foamed concretes have no particular impact [4] . There are some research dedicated to mineral content control in hardened cement paste [5] , the result of which define the decrease of thermal conductivity coefficient of interpore partitions in foamed concrete by 6.5-24 % with the maximum allowable content of calcium aluminate (C 3 A) and calcium alumoferrite (C 4 AF) in Portland cement and with the minimum allowable content of alite (C 3 S). Natural and artificial microsilica [6] is widely used to improve thermal insulation properties of materials, investigations are conducted on the use of carbon nanotubes [7] and geopolymers [8] ; however, such technological methods can considerably raise the price of the end product. Thermal conductivity was found to decrease with addition of silica sol (up to 35%) and wood fiber (up to 30%) [9] . Use of components with lower thermal conductivity and high density like ash, slag, peat, expanded perlite, vermiculite, also allows improving thermal insulation properties [10] [11] [12] [13] [14] [15] . Use of fine montmorillonite clay enables to obtain ultralight foamed concrete with the density of 200 kg/m 3 due to high adsorption capacity [10] . The key factor for thermal conductivity decrease in cellular concretes is the increase of total porosity. Thus, the decrease of mean density by 100 kg/m 3 leads to thermal conductivity reduction by 20%. In this manner, decrease of cellular concrete mean density up to 200 kg/m 3 will cause reduction of thermal conductivity up to 0.06 W/(m×°С) and lower, which corresponds to that of highly effective thermal insulation materials, such as mineral wool and cellular plastics.
It is difficult to obtain non-autoclaved foamed concrete with low density and thermal conductivity in a production environment. Increase in porosity of foam concrete, especially non-autoclaved one, reduces its structure stability, which goes along with considerable shrinkage, deformation and disturbance of optimum porosity [4, [16] [17] [18] [19] [20] . Stability of foamed concrete mixture can be increased by controlling water temperature [17] , another effective method for improving aggregate stability is use of fiber admixtures [21] [22] [23] . Use of viscosifiers, such as gelatin, carboxymethylcellulose, soluble sodium silicates, also increases the foam structure stability [24] [25] .
This paper is aimed at investigating technological principles for obtaining nonautoclaved foamed concrete with lower thermal conductivity.
Experiment

Materials
Portland cement of type ЦЕМ I 42.5 (Iskitim town) with the following chemical composition (wt.%) was used to obtain foamed concrete: Na 2 , sieve residue 008(by weight) -4.49 %. «FoamCem» protein-based foaming agent (Italy) was used in the production process.
Wollastonite and diopside were used as mineral admixtures. Wollastonite is a mineral pertaining to silicates group of the Altai deposit, its specific gravity is 2.455 g/cm 3 , 
Methods of experiment
Experimental research was performed using samples of naturally cured foamed concrete produced according to the traditional technology with the use of turbulent foam concrete mixer. The foamed concrete composition was selected in compliance with the known techniques [26] , the ratio of silica component to binder was 0.6; water/solid ratio = 0.49.
The influence of mineral admixtures on the foam stability was investigated using foam stability index in the mortar mixture. This indicator characterizes foam shrinkage while mixing it with mortar fraction of foamed concrete. It can be related to the processes of coalescence and synaeresis with insufficient structural strength of interpore partitions caused by variation of pH medium or redistribution of surfactants in disperse system [27] [28] .
The value of foam stability index in the mortar mixture is one of the crucial factors for foamed concrete production, as foam destruction during mineralization causes porous mixture degradation. It was calculated by the formula [29] :
where c.p. -volume of porous cement paste, ml; . . -volume of cement paste, ml; -foam volume, ml. Introduction of mineral admixtures was performed in two different ways: to the foam and to the mortar mixture. The admixtures were milled up to the specific surface area of 300 and 600 m 2 /kg using АГО-9 centrifugal attrition mill with continuous operation mode (Institute of Solid State Chemistry and Mechanochemistry, Siberian Branch of the Russian Academy of Sciences, Novosibirsk). Mean density (ρ) was defined after 28 days according to the GOST 12730.1-78. Thermal conductivity coefficient (λ) was defined by a quick method using "ИТП-МГ 4 "Zond" thermal conductivity meter in accordance with the GOST 30256-94. Quick method to define thermal conductivity is based on the dynamic method, i.e. on the change rate of averaged temperature of the heat probe (as the first probe temperature derivative with respect to time) in the tested material. The lower thermal conductivity of material is, the slower the probe cools down.
Results
The values of foam stability in the mortar mixture are given in Table 1 . The highest values of foam stability index in the mortar mixture correspond to specific surface area of the admixture equal to 300 m 2 /kg and the amount of added wollastonite equal to 1-2.5%. When adding diopside in the amount of 1% to the foaming agent solution the value of foam stability index increases up to 1.14.
The foam stability index in porous mortar mixture is higher for foamed concrete with mineral admixtures introduced in the mortar mixture.
For diopside, the best values of mean density correspond to the specific surface area of 100-300 m 2 /kg when adding it to the mortar mixture in the amount of 1 and 2.5%. The optimum amount of admixture for wollastonite is 1-2.5%. Increase of the admixture amount causes increase of foam concrete density ( Table 2) . Introduction of diopside has bigger effect on decrease of mean density of foam concrete, than introduction of wollastonite. When increasing specific surface area of admixtures the variation of mean density of samples are inconsiderable.
Introduction of diopside and wollastonite allows increasing aggregate stability of foam concrete mixture. Positive effect of wollastonite on foamed concrete structure is possible by means of reinforcement of interpore partitions, which occurs due to its acicular particles. This effect allows reducing plastic shrinkage, limiting sedimentation of the mixture components, which agrees with other research [30] [31] .
Introduction of admixtures reduces thermal conductivity of foamed concrete (Table 2) . When using diopside, thermal conductivity coefficient is slightly lower than when using wollastonite. The lowest values correspond to the specific surface area of admixtures of 100 m 2 /kg. The lowest values of density and thermal conductivity coefficient of foamed concrete are obtained for the minimum amount of introduced admixtures. Apparently, it is connected with the positive effect of mineral admixtures, particularly diopside, on aggregate stability of foamed concrete mixture. Considering that mineral admixtures have reinforcing effect on interpore partitions of foamed concrete, the reinforcement process speeds up when introducing the maximum amount of admixture. This can be observed by the high values of foamed concrete density (500-700 kg/m 3 ). The minimum amount of admixture provides stability of foamed concrete mixture and reinforces interpore partitions to such extent that while mixing mortar and foam the air entrainment occurs, due to which optimum porous structure of foamed concrete is obtained.
As a result of the experiment, dispersity of the admixture was noted to influence the properties of foamed concrete. It is preferable to introduce admixtures with the specific surface area from 300 m 2 /kg and lower. Adding wollastonite with the specific surface area of 100 m 2 /kg to mortar in the amount of 1% allows obtaining foamed concrete with the density of 375 kg/m 3 and thermal conductivity coefficient of 0.070 W/(m×°С). For diopside, the best parameters are as follows: specific surface area is 100 m 2 /kg, admixture amount is 1%, type of introduction is to the mortar mixture, foamed concrete density is 274 kg/m 3 , thermal conductivity coefficient is 0.069 W/(m×°С).
Conclusion
It was found that due to directed control of porous structure of cellular concretes by introducing mineral modifying admixtures it is possible to considerably improve the stability of foam concrete mixture and structure of foamed concrete. This, in turn, is a step to decrease density and thermal conductivity of a material and to reach technical and economical effect due to saving cement. The outcomes of this research allow using production waste for manufacturing of low-density foamed concrete, thus contributing to solving environmental issues.
